Acclinmatization to Cold in the Hand [Abstract] There is convincing evidence that atimals acclimatize to continuing cold stress by metabolic response, both in the muscular and visceral systems. General acclimatization to cold in man continues to present a confusing picture and will not be reviewed in this presentation. However, there is good evidence for peripheral circulatory acclimatization in man, and recent work among Arctic Kutchin Indians at Old Crow, Yukon Territory, has added further facts. The technique employed was the measurement by calorimetry of hand heat output when exposed to cold water, the subject being bodily warmed or cooled. The results show significantly higher heat outputs and, by inference, increased blood flow to the hands, in Indians than in control Whites. This result is more marked when body cooling is superimposed on hand cooling. Hand skin temperature measurements show, in response to ice water immersion, that the Indians have a significantly earlier, more emphatic cold vasodilatation reaction, which is in conformity with their observed ability to work in very cold water. The expedition was led by Dr. L. Irving, and the participants were:
stand satisfactorily all naturally occurring hot climates. Even in Death Valley, man will be safe provided he has plenty of water to drink. However, there exist many situations to-day, particularly in the Armed Forces, where man is removed from his natural habitat and placed in some sort of container: the tank, the boiler room of a ship, and the cockpit of a high-speed aircraft are examples. The temperatures in these artificial environments may rise to levels much higher'than those ever experienced outside in the open, and man's physiological defences, not planned for such contingencies, may be overwhelmed. It is therefore of vital importance to know: (a) The FEBRUARY military situations in which high levels of heat stress may be expected, (b) in any one situation, the degree of protection required to reduce the heat stress to a safe level, (c) the way in which such protection is best achieved, (d) in the absence of protection, what is the danger to the man, and whether the dangers can be reduced to a negligible level by limiting the performance of the machine.
I shall examine these factors with reference to one particular situation-that of the military aircraft travelling at very high speed. However, the results are applicable to any closed space in which the temperatures reached are similar to those in our experiments.
The problem of aerodynamic heating.-When an aircraft travels at high speed, compression of the air and friction with the air cause surface heating of the aircraft skin. This effect is known as aerodynamic, or "kinetic" heating. It is seen in its most extreme form during the re-entry of a missile, whose surface may become incandescent, or of a meteorite, which may be completely burnt up by the intense heat.
If an aircraft flies at a speed of Mach 2 at 30,000 feet, its surface temperature will be in the order of 1500 C. If the cabin is allowed to rise to this temperature, the crew will clearly soon suffer from the effects of heat.
The immediate solution to this problem is obvious and consists in conditioning the inside of the vehicle so that the levels of temperature, humidity and air movement are in the range of comfort. However, in a military aircraft the cooling plant responsible for maintaining the comfortable environment may fail, either because of enemy action or because of a technical defect. Failure of some component of the cabin cooling system is a problem which will occasionally face the civil airlines when supersonic aircraft become more common, but the civil airliner is able to slow down in the event of such a failure, thus removing the aerodynamic heat stress. The military aircraft may have to continue its mission in spite of the failure. Furthermore, in a military aircraft the weight and volume of cabin cooling equipment required to maintain comfortable conditions may be prohibitive, and the cabin may be deliberately designed to be a hot cabin. The crew of a supersonic military aircraft may therefore require personal protection against the heat. We have recently carried out experiments to find out the degree of protection required in very hot cockpits for a man wearing an air ventilated suit.
Personal protection with the air ventilated suit.-The R.A.F. Air Ventilated Suit (Billingham and Phizackerley, 1957) consists of a network of pipes attached to a nylon garment. The suit is worn beneath the clothing and delivers cool dry air to the man's skin when he is in a hot environment. If the man is in a cold environment, he can be maintained in thermal equilibrium by a supply of hot air to his air ventilated suit. This paper considers the use of the suit only as a cooling garment.
To test the efficacy of the air ventilated suit under very hot conditions, we have used a portion of an aircraft, containing the pilot's cabin, which can be heated up to the temperature which corresponds to the speed and altitude we are simulating.
The subject is protected from the hot aircraft skin by: (a) The insulation of the cabin wall, (b) the insulation of the cabin air, (c) the insulation of his clothing, (d) convective cooling at skin level by the ventilated suit.
For a given aircraft skin temperature, and for constant values of (a), (b) and (c), there will be a number of possible combinations of ventilating air flow and temperature which will maintain the man at a comfort level. We have investigated these curves by using a suit of knitted insulated resistance wire (Wolff, 1958) beneath the air ventilated suit. This wire garment measures mean microclimate temperature. The results in the graph are flows and temperatures of ventila-ting air required to produce a mean microclimate temperature of 32.50 C. (Fig. 1) .
The graph shows that the points lie close to the four isoenthalpic curves as defined by the formulk in Fig. 1 .
A detailed discussion of experimental-procedure and of the significance of the results has been published elsewhere (Billingham and Hughes, 1959) . Suffice it to say that with an aircrew clothing assembly that is almost conventional, it is possible to protect a man against the ill effects of extreme heat.
The consequences of not protecting against the heat.-Overheating of the body can be local or general. Local overheating causes pain and skin bums. General overheating is manifest as a rising deep body temperature, with increasingly poor performance at mental tasks, and ultimate collapse from acute heat syncope. Whether local or general overheating predominates will depend on a number of factors, principally the environmental temperature and the time of exposure. These factors will also determine the amount of local or general heating the man can stand without becoming dangerously inefficient at his task.
Conclusions.-To date, we have achieved protection for man in hot cabins with wall temperatures up to 1250 C, and with the aircraft skin at temperatures up to 1830 C. With careful design of aircrew clothing with built-in cooling devices, there is no reason in the future why we should not be able to protect against much higher temperatures. WOLFF, H. S. (1958) J. Physiol., 142, 1 P.
Flight Lieutenant J. C. Guignard, R.A.F.: Physiological Effects of Mechanical Vibration Authorities in both military and civil aviation are concerned that buffeting and vibration in future high-speed aeroplanes may prejudice aircrew performance and passenger comfort. Investigations of the physiological actions of vibration in the low sonic and infrasonic fre-quency ranges have therefore been reopened at Farnborough.
Definition of vibration.-Vibration commonly means a sustained, structure-borne disturbance, of roughly constant amplitude and frequency, which applies a translatory movement to the body and is perceived by the senses other than hearing. Repetition of motion is usually assumed to be characteristic, and many real conditions of vibration approximate to simple harmonic motion. However, quasi-random oscillations and isolated jolts are special cases of vibration which are of great practical importance. Crede's (1957) definition of vibration as a series of reversals of velocity, while not embracing all conceivable modes, is a useful concept for the physiologist. Velocity means displacement in finite time: reversal of velocity implies acceleration. Displacement and its derivatives, and frequency, are basic to vibration measurement.
The dynamic response ofthe body to vibration.-Several workers have studied the dynamic response of men to whole-body sinusoidal vibration. Resonance in the human body was first described some thirty years ago and has since been measured by transmissibility and mechanical impedance methods. Resonance is the condition in which a forcing vibration is applied at such a frequency that it excites part of the body to measurable, or subjectively noticeable, movement of greater amplitude than related structures. Resonance of the seated body at about 5 cycles per second (c/s) has been widely reported. Recent work suggests that this response is dominated by the pectoral girdle (Latham, 1957) . A second resonance between 6 and 10 c/s was attributed by German workers to the abdominal viscera, the liver being the predominant mass (Loeckle, 1950) . At higher frequencies, smaller and stiffer parts ofthe body are excited to resonate.
Physiological reactions to vibration.-It has been recorded that severe vibration induces the vegetative manifestations of alarm, increases oxygen consumption, and can disturb equilibrium and orientation in space (Edwards, 1950; Loeckle, 1950) . Cormann (1940) has described an apparent inhibition of the patellar reflex during whole-body vibration at low sonic frequencies. Other work on this phenomenon has been reviewed and further observations reported elsewhere (Guignard and Travers, 1959) . Cormann also found that blurring of vision by vibration depended on frequency and that the effect was worst in the bands 25-40 and 60-90 c/s. This may be due to resonance of the eyes and facial tissues. A significant loss of visual acuity during whole-body vibration at infrasonic frequencies has been reported by Mozell and White (1958) . In addition, it seems self-evident that heavy jolts and vibration interfere physically with precise muscular action. However, the frequency-dependence of these effects is not clear and the degradation of human performance by rough motion has not yet been correlated convincingly with body resonance phenomena. It is thought that physical resonance might cause particular incapacity or discomfort, due to parts of the body amplifying accelerations applied at critical frequencies. Recent studies of subjective sensation during whole-body vibration indirectly support this idea, in that thresholds of discomfort (in terms of applied acceleration) were lowest around 5 to 10 c/s (Goldman, 1957; Loach, 1958) .
Postural effort is said to increase after bumpy journeys and body-sway has been used as an index of vehicle riding-quality (Moss, 1929) . More recently, people exposed to intense airborne vibration from jet and rocket engines have complained of giddiness, irritability, mental weariness and inability to concentrate, as well as a variety of bizarre symptoms ranging from feelings of unreality to delusions of infertility. Disturbances of equilibrium are most probably caused by sound at the lower end of the frequency spectrum, where the coefficient of absorption of vibratory energy through the body surface becomes large (von Gierke, 1950) and vestibular sensitivity significant. In addition, components below about 1,500 c/s can produce blurred vision and unpleasant somatic sensations, due to resonance of cranial bones and body cavities (Edwards, 1950; Broadbent, 1957) .
A discussion of motion sickness is outside the scope of this review, although it is of interest that labyrinthine sensitivity to very low frequency translatory oscillation is a function of frequency as well as acceleration. The incidence of sickness during vertical swinging at a given acceleration is highest at swing frequencies around 0-3 c/s (Alexander et al., 1947; Glaser and McCance, 1959) .
Harmful effects of vibration.-Frequencydependent trauma caused by hand-held industrial machine tools is well documented (Dart, 1946; Jepson, 1954) , but it is not relevant to aircraft vibration conditions.
During World War II reports appeared of injury due to severe whole-body shaking in rough-riding military vehicles and fast patrol boats (Goldman, 1957) . Drivers and crews complained of abdominal pain, "back-strain", and sometimes of incapacitating fatigue and dizziness persisting after the ride. No precise clinical investigations of these symptoms seem to have been made, although the problem has been loosely reviewed by Clayberg (1949) and by Fishbein and Salter (1950) . (1957) has shown that, if the peak force of ejection is 6uilt up in much less than the predominant natural period of the excited system, dangerous amplification of acceleration can occur within it.
CURRENT RESEARCH
Although the vibration-frequency spectrum is of infinite extent, the area that matters in aviation can be limited to a fairly narrow band. The principal sources of vibration in aircraft are summarised briefly in Table I . turbulence or dictated by automatic flight control systems) .. .. 0-1-> 1 c/s. "White" noise, by analogy with white light, contains vibrations of all frequencies. Ideally, it has a continuous and "flat" power spectrum in which components of all frequencies are equally represented. In practice the term is often used to describe wideband noise in which no particular frequency component predominates.
In the situations now important (i.e. the rough-air behaviour of high-speed jet aeroplanes) we are most concerned with frequencies below about 20 c/s. Accelerations in turbulent flight resemble random m6chanical noise with superimposed quasi steady-state vibrations at low frequencies, due to airframe structural response. The infrasonic zone is one in which, both human body resonance and major aircraft fuselage modes are excited, amplitudes are large, and vibration isolation is very difficult. Mechanical vibrations at higher frequencies can produce neurophysiological and visual disturbances but are well attenuated by the body itself and by simple protective measures. The region below 1 c/s is a special province in which differential oscillatory movement is not excited in the body bymoderate loads, and degradation of performance is essentially a function of acceleration.
Quick answers to practical problems are sometimes sought by ad hoc experimentation in the air or on "gust-simulat6rs" which, within YV al Society of Medicine 4 their limitatlbns of-amplitude, freedom and frequency-response, reproduce selected ffight acceleration patterns (Roman et aL, 1959) . It remains necessary, however, to determine the frequency-dependence of physiological reactions to vibration-since therein lies the key to protection. To do this, simple hannonic motion is the stimulus of choice. The use of sinusoidal vibration has the advantages that specific parameters of vibration can be chosen for investigation and the stimulus can conveniently be measured, repeated, modulated and defined in simple numerical terms. Some recent experiments are described below. Body resonance.-The dynamic respotise of seated men to vertical sinusoidal vibration has been examined under controlled conditions at frequencies from 2 to 60 c/s. Methods: In preliihinary work (Guignard, 1959) , the mean transmissibility of vibration from the seat to the hip and to the shoulder was determined for frequencies between 7 and 60 c/s, using seven men. The subjects were seated "at attention" on a hard seat driven vertically by an electrodynamic vibration generator. A simple sighting device was used to standardisetheir posture. The acceleration-amplitude during steady-state vibration was recorded by variableinductance accelerometers attached to the seatframe, the hip at the iliac crest, and the acromion. Above 16 c/s, vibration was applid at an acceleration of ± 0-8 g. Below that frequency, the performance of the generator deteriorated and lower values were used (Figs. 1 and 2).
Transmissibility was defined as the ratio of the acceleration-amplitude recorded on the body to that of the forcing (seat) vibration. (When transmissibility is plotted against frequency, resonawce is shown by local maxima.)
The frequency limitations oftie electrodynanmfic generator precluded measurements below 7 c/s. A mechanical rig is now in use to extend observations down to 2 c/s. In a second experiment (Guignard and Irving, unpublished) , the response of ten men has been explored over the frequency band 2-0 to 13-5 c/s, which was satnpled in quarter-octave steps. -The..experimental conditions were similar to those of Experiment 1, except that a forcing vibrational acceleration of ± 0-25 g was used at all frequencies. Recordings were made.from hip, shoulder and head, but the analysis of results from the head is incomplete.
Results: The principal results of these experiments have been combined and illustrated in Figs. 1 and 2. The mean transmissibility, for each frequency used, is plotted with an indication of the standard deviation. The results for the shoulder (Fig. 1) show that there is a peak in frequency the forcing vibration is amplified nearly three times. Above 7 c/s, seat-to-shoulder transmissibility falls below unity and declines in a characteristic way at higher frequencies. Highspeed cinematography showed that the response of the shoulders is primarily a shrugging action, with articulation at the sternoclavicular joints, accompanied by extension and flexion of the dorsal spine. It has also been observed (and confirmed by determinations of transmissibility) that this mode is largely suppressed, and the body resonant frequency effectively raised, by performing the clinical reinforcement manoeuvre.
The resonance at 4-8 c/s is reflected in the hip records (Fig. 2) , which also show that amplification of vibration in this region persists over a hieher frequency range. It is tempting to suggest that this picture reveals the second body resonance, previously reported, between 6 and 10 c/s. However, this resonance is not sharply tuned and more precise measurements are needed to define it anatomically.
Comparison -During whole-body vibration at low sonic frequencies, a few subjects reported mild disturbances of equilibrium and some of them apparently found it more difficult than normal to maintain a steady posture. Mild vertigo has also been felt after local vibration of the head at frequencies between 10 and 100 c/s and accelerations of the order of 0 5 g. These observations, together with those of Cormann and others mentioned earlier, led to examination of the electromyographic responses of postural muscles to low-fre4uency vibration.
Qualitative observations have been made in man, using the R.A.F. Type 3 clinical electromyograph and concentric needle electrodes (Guignard and Travers, 1959) . Sinusoidal vibration was applied to the whole body and to selected parts at frequencies from 2 to 10 c/s and a fixed halfwave amplitude of 0 33 cm. We found that:
(1) Vibration of the seated body or a single limb elicited a synchronous stretch reflex from resting postural muscle (quadriceps) in that limb.
(2) The amount of myotatic activity varied with the intensity of vibration and could be much reduced during whole-body vibration by restraining differential movement of the limb. (3) Diminution of the patellar reflex (elicited by tapping) was not observed during or after vibration up to 10 c/s. This supports Goldman's (1948) findings in the cat that, although suppression was demonstrable during vibration of the preparation above 30 c/s, it was less evident below that frequency and that, at progressively lower frequencies down to 10 c/s, an increasing proportion of tendon taps became effective in eliciting the reflex. It was concluded that "inhibition" of reflexes by vibration is apparent in that, when the stimulus is of sufficient frequency and amplitude, the muscle becomes, in effect, tetanic. Tendon-tapping then fails to provoke a distinct response. (4) Intense vibration of the upper body and head, with the legs fixed, had a facilitatory effect upon postural activity (soleus), persisting after vibration had ceased. It was tentatively concluded that this was due to labyrinthine stimulation. APPLICATIONS Applied research is aimed at defining the frequencies at which body resonance occurs, as well as the variability of individual dynamic response. Measured transmissibility may vary with such intrinsic factors as body size, build and posture, and with extrinsic factors including the force of vibration, its direction and site of application to the body, and its harmonic content. External loading by stiff or heavy clothing and equipment may also influence body resonance.
If it is possible to correlate resonance effects with deterioration in performance, and to define physiologically critical frequency bands, practical advice can be given on vibration isolation for aircrew. Possible means of protection include:
(1) Attention to the basic design of new aeroplanes to avoid or suppress critical modes of structural response. (2) Topical vibration isolation (e.g. the sprung seat). (3) Anatomical design of seats and harnesses to constrain resonant oscillations within the body. Squadron Leader J. Ernsting, R.A.F.: Some Effects of Oxygen-breathing on Man Over the past four years infrequent reports of coughing, chest discomfort and difficulty in breathing occurring after flight have been made by pilots of R.A.F. fighter aircraft. This presentation is concerned with the results of surveys made in the last two years by medical officers in various Commands and with the etiology of this condition, since it demonstrates how fundamental research is sometimes required to elucidate problems arising in the field.
Although there is some variation in the clinical picture the symptoms experienced by the aircrew are generally very similar. Typically, on releasing the safety and parachute harnesses and standing up in the cockpit the aircrew member has an attack of coughing and quite frequently difficulty in breathing, which is generally described as breathlessness. Less often there is also chest pain which is generally deep and ill-localized and which is not accentuated by deep breathing. In 107 subjects questioned coughing alone occurred in 38 %, coughing and difficulty in breathing in 25%, difficulty in breathing alone in 20%, and chest pain with cough and difficulty in breathing in 17%. The cough, which is usualy non-productive, is frequently started by the action of standing erect. It may last a few moments or repeated attacks may occur for ten to fifteen minutes after flight. The subject may actually be incapacitated by the fit of coughing. A single individual rarely has these symptoms after every flight but in many instances symptoms occur after the majority of flights.
Clinical examination has not revealed any gross physical signs in the chest. Moist sounds over the bases of the lungs have been reported on a number of occasions.
In 1958 28 fighter aircrew took part in an investigation in which chest radiographs were taken before and after a number of sorties. A total of 42 flights were made. On 19 occasions patchy areas of increased density in the lower lung fields were present immediately after landing. These radiological appearances are consistent with either scattered lobular collapse or areas of cedema or infarction. Several subjects with abnormal post-flight chest radiographs were re-examined radiologically eighteen to twenty-four hours after completion of the flight; in most of these the abnormal radiological signs had cleared. Whilst it was very uncommon for symptoms to occur in the absence of radiological changes, in 9 instances typical radiological changes were discovered when the aircrew had no symptoms.
In general this syndrome appears to be peculiar to the crews of fighter aircraft. Whilst nearly 80% of the pilots of Hunter aircraft experienced these symptoms, virtually no Canberra crews had any symptoms. Between these two extremes were the crews flying Javelins and Swifts of whom between 20 % and 44 % had post-flight symptoms. Aircrew flying Meteors very seldom suffer from post-flight respiratory disturbances.
There are three principal differences between these various aircraft types of interest in the present context: (1) The magnitude and duration of applied positive acceleration. (2) The presence or absence of anti-gravity suit installation.
(3) The type of oxygen system.
(1) Pilots of Hunter aircraft during normal sorties are repeatedly subjected to relatively high positive accelerations, of the order of 4 to 5 g, whilst aircrew of Canberras are exposed to relatively low positive accelerations, e.g. 2-5 to 3 g, only rarely. The Javelin comes mid-way between these two extremes in that in its operational role high positive accelerations are applied very infrequently. In Meteor aircraft, however, moderate g levels of the order of 3 g are frequently applied to the aircrew.
(2) Certain fighter aircraft are fitted with antigravity suit installations so that when positive accelerations are applied to the man bladders fitted round his lower limbs and abdomen are inflated to reduce the circulatory changes associated with positive acceleration. The abdominal bladder of an ill-fitted anti-gravity suit, which is a frequent occurrence, will also apply pressure to the lower part of the thoracic cage. Antigravity suits are used by the majority of Hunter pilots and by a fair proportion of Javelin aircrew. Neither Meteors nor Canberras have antigravity suit installations.
(3) R.A.F. oxygen systems are designed to deliver a mixture of oxygen and nitrogen, the composition of which is varied automatically with altitude so that an approximately normal alveolar oxygen tension is maintained at all altitudes up to 33,000 feet. This is achieved by mixing varying proportions of air and oxygen ("airmix"). The Meteor possesses an oxygen system which has a satisfactory "airmix" mechanism. All the other aircraft mentioned above are fitted with an oxygen system capable of providing mixtures of air and oxygen but for technical reasons this type of system was used operationally to provide 100% oxygen at all altitudes, by the aircrew concerned.
Thus in Hunter aircraft, where post-flight respiratory disturbances are common, the aircrew are subjected to high positive accelerations and breathe 100% oxygen. In Canberra aircraft on the other hand, where this syndrome is virtually unknown, the aircrew breathe 100% oxygen but are not subjected to high positive accelerations during flight. Further, in Meteor aircraft, where the incidence of these symptoms is very low, the aircrew are exposed to moderate degrees of acceleration but breathe a mixture of air and oxygen. Thus it would appear that the incidence of this syndrome is high where the aircrew are exposed to high positive accelerations and breathe 100% oxygen. Command in 1958 in which a number of pilots each flew two sorties. On each occasion the pattern of positive acceleration experienced was the same. On one of these sorties 100I% oxygen was breathed throughout and on the other the mixture of air and oxygen provided by the regulator was breathed. It was found that, particularly at low altitude, the incidence of postflight respiratory symptoms was influenced by the gas mixture breathed during the flight.
There is no clear-cut picture as to the influence of the anti-gravity suit in the air upon the incidence of this post-flight respiratory disorder.
Two principal hypotheses have been advanced to explain this syndrome of post-flight respiratory disturbances and the concomitant changes in the radiological appearances of the lungs. The change which occurs in the lungs in this condition could be either basal segmental collapse or pulmonary cedema or infarction.
Segmental collapse could be produced by the following mechanism: During the application of positive acceleration in flight collapse of some basal intermediate-sized airways occurs. This may be caused either by the effects of the acceleration per se which produces descent of the diaphragm and elongation of the lower parts of the lower lobes or by the compression of the lower part of the chest by the inflation of the anti-gravity suit. Directly obstruction of these airways has occurred absorption of gas with a consequent reduction in the volume of the closed spaces so formed will take place. Dale and Rahn (1952) have demonstrated that if the gas breathed prior to the onset of obstruction is oxygen then the rate at which absorption of the trapped gas occurs is some 63 times as fast as when air has been breathed. When oxygen is breathed the rate of absorption is so great (2-9 ml/min/kg body weight) that it is conceivable that complete lobular collapse can occur during the period that positive acceleration is applied.
Segmental collapse of the degree found here is not generally associated with symptoms. It is suggested that the symptoms of coughing, difficulty in breathing and chest pain are associated with re-aeration of the collapsed regions of the lungs. The stimulus to re-aeration of the collapsed regions in this syndrome is presumably the assumption of the erect posture on leaving the seat of the aircraft. Carro (1959) and Mcllroy (1959) have recently studied the effects upon the mechanics of respiration of firmly strapping the lower part of the thoracic cage. It is of interest in this connexion that on release of the strapping their experimental subjects experience coughing and chest discomfort.
The second hypothesis suggests that as a result of a high alveolar oxygen tension the alveolar capillary membrane' is damaged and that it becomes more permeable to plasma proteins. The increase in pulmonary capillary pressure in the lower parts of the lungs which occurs when positive accelerations are applied will then lead to pulmonary cedema and perhaps infarction. The relatively slow re-aeration of the lungs which has been suggested by some of the radiological studies would be better explained by this hypothesis. There is recent experimental evidence that breathing 100 % oxygen at sea level for three hours produces changes in the pulmonary alveolar capillary membrane.
The effect of a high alveolar oxygen tension upon the alveolar capillary membrane has been studied by determining its effect upon the diffusing capacity of the lungs. This has been measured for carbon monoxide by the Forster modification (Ogilvie et al., 1957) of the original Krogh technique. Breathing 1000% oxygen for three hours reduces the apparent diffusing capacity for carbon monoxide by approximately 250%. The apparent diffusing capacity was measured at various alveolar oxygen tensions so that the analytical technique of Roughton and Forster (1957) could be applied. The results of such an analysis show that the principal cause for the reduction in the apparent diffusing capacity found in these experiments is an increased resistance to diffusion across the alveolar capillary membrane. The results suggest therefore that high alveolar oxygen tensions cause damage to the alveolar capillary membrane at a much earlier stage than had been previously believed. These experiments tend to support the second hypothesis as to the cause of this syndrome.
There still remain many aspects of this problem which must be investigated before it can be decided which, if either, of these two hypotheses is correct. There is no doubt, however, from the controlled experiments carried out in 1958 that the symptoms can be greatly alleviated by using the "airmix" mechanism of the oxygen regulators in fighter aircraft. Squadron Leader P. Howard, R.A.F.:
Unconsciousness on the Human Centrifuge The symptoms which result from exposure to centrifugal acceleration are, in the order of their appearance, a veiling or misting of vision, known as grey-out; complete loss of vision, or black-out; and unconsciousness. It was to investigate these symptoms, and to assess methods of protection against them, that the first human centrifuges were constructed. Most workers are agreed that the repeated production of unconsciousness in any subject is undesirable, and because most of the desired data can be obtained without going to such lengths, there has been a tendency to restrict the acceleration to a level which will only give rise to black-out. Recently it has been felt that even a stress of this degree may be unjustified in many instances, and attention has been given to the development of methods of measuring a visual threshold at lower values of g. However, incidents of unconsciousness still sometimes occur accidentally, and a series of experiments in which unconsciousness was deliberately chosen as the end-point was carried out last year on the human centrifuge at Farnborough.
MATERIAL AND METHODS The subjects were seven naval divers who had no previous experience of riding on the centrifuge. Each was given two rides; one breathing air, and the other breathing 100% oxygen, until consciousness was lost. The pattern of the acceleration was such that the g increased linearly with time, at a rate of 0a -g per second to a maximum of 8 g. This type of run was chosen because it had previously been shown that cardiovascular compensation kept pace with the increasing acceleration. A bright red light, mounted at eye level and in the line of sight, was used as a fixation light, and the subject was given a signal button to indicate black-out. He was told that once loss of vision had occurred he was to keep the button pressed until it returned once more. The onset of unconsciousness was thus unknowingly recorded by the subject as his finger slipped from the marker button. The centrifuge was brought rapidly to rest as soon as this signal had been recorded. The figure of 8 g was chosen as being well above the tolerance of any of the usual and experienced centrifuge subjects, and it was thought that none of the divers would reach this maximum value. In fact, half the subjects did reach it, and continued at 8 g for some seconds before they finally lost consciousness, and all but one reached 7 g on at least one of the runs. The record was 48 seconds at 8 g.
In addition to the accelerometer and the signal, ECGs and EEGs were recorded, together with respiratory rate, gas flow rate, and in some cases eye movements. In half the subjects blood pressure was also measured by means of an intra-arterial needle, and in one of these the artery and the manometer were supported at eye level. From the arterial pressure, measurements of the vascular resistance could be made by the method of Hayter and Sharpey-Schafer (1958) .
RESULTS
There was no statistically significant difference in the threshold either for black-out or for unconsciousness between the runs in which air was breathed and those breathing oxygen.
Four subjects showed a slight fall in threshold on oxygen as compared with air, two showed a slight rise and one showed no difference. Similarly, there was no consistent difference between the effect of the two gases on any of the other parameters measured. Clearly, a much larger number of subjects would be needed before definite conclusions could be drawn on this point.
The early physiological response of all the subjects was the same, and was similar to that seen in the more usual type of centrifuge run. The major difference between the group of divers and other subjects was in the pulse-rate. Browne (1959) showed that with slow rates of application of g the pulse-rate is a linear function of the applied acceleration, but in the present series this was not so. The pulse-rate increased rapidly at first, and was almost double the resting value at 3 g. Thereafter it climbed more slowly to a mean value of 168 at 8 g. This result can almost certainly be explained by the apprehension which the centrifuge always produces in inexperienced subjects.
Respiration becomes more difficult during acceleration, and this is reflected in the decreased gas flow recorded, notably at levels above 6g. As the subjects approached unconsciousness there was a period of apncea in almost every case, usually lasting for about 10 seconds. On deceleration this was followed by large gasping breaths, with high peak flows and large pressure differentials in the mask.
No unusual changes occurred in the EEG up to the moment of unconsciousness, but slow delta waves of large amplitude (2-3 c/s and 100 microvolts) usually appeared immediately after consciousness had been lost. The picture was confused by the fact that at this time the centrifuge was being decelerated, and it would be interesting to know whether, had the run been continued, extinction of the waveform would have followed, as has been reported in animal experiments. During the recovery phase, often after the machine had been brought to rest, convulsions occurred. This is a characteristic of nearly all episodes of unconsciousness on the centrifuge. The fits vary in intensity from a spasmodic twitching of the fingers and arm to a major convulsion involving the whole body. One subject, who has been made unconscious on the centrifuge many times, says that he is always roused by the sound of his feet drumming on the metal floor of the gondola. The convulsions have been attributed to the acute cerebral anoxia resulting from the cessation of blood supply to the brain, and they have been compared to the fits seen if the carotid arteries are occluded. The fact that they do not occur at the height of unconsciousness, but only during the phase of recovery, suggests that it is the return of oxygenated blood to an anoxic brain which triggers off the convulsion. In this they are analogous to the so-called oxygen paradox, in which the administration of oxygen to a subject made anoxic in a decompression chamber will often lead to a deterioration in condition, and sometimes to convulsions.
The blood pressure records taken at heart level showed a slight rise in all cases. The arterial pressure at eye level fell progressively, to reach a systolic value of about 20 mm Hg when blackout occurred. It continued to fall, and reached zero about six seconds before consciousness was lost. There is thus a very sound physiological reason for the onset of unconsciousness. One case in which the pressure was measured at eye level also showed the only cardiac irregularity of the series: some three seconds after the systolic pressure had fallen to zero, and a similar time before the loss of consciousness, he had an isolated ventricular extrasystole. American workers have claimed that a considerable proportion of normal subjects show such irregularities on the centrifuge, but this is only the second occasion on which we have seen ectopic beats. Coincident with the loss of consciousness this one subject showed a persistent pulsus bigeminus, with bradycardia, and this continued for about two minutes after the centrifuge had been stopped. The coupling was followed by a period of nodal rhythm, with absent P-waves, for ten or fifteen minutes, and the pulse finally reverted to a normal sinus rhythm. The subject complained of weakness, palpitation and dizziness, with nausea, and he was observed to be pale and sweating profusely. The blood pressure remained low, and had not reached normal levels by the time the needle was withdrawn at the end of the run. No measurements of the vascular resistance could be made in this experiment, but there seems to be no doubt that he suffered from vasovagal syncope.
In all cases the peripheral resistance rose sharply and progressively during the period of acceleration, and in two runs it was so intense that it could not be measured, by the method used, at accelerations greater than 6 g. Deceleration was accompanied by a mild vasodilatation. In two instances, however, the vascular resistance had already begun to fall steeply before the centrifuge was decelerated, and the blood pressure was also declining at this time. It seems likely that these subjects were also in the process of collapsing from a vasovagal attack, and it is of interest that they were the two who had remained for the longest time at 8 g before losing consciousness. There is every reason why vasovagal syncope should occur under these conditions, for the circulating blood volume is reduced by pooling in the abdominal viscera and legs. Garrow (1958) has shown that there is a shift of blood amounting to 200 ml towards the legs below the knee when a recumbent man is exposed to 2 g. He has also convincingly demonstrated his ability to faint after two minutes at 24 g. The slow onset run used in the experiments with the divers, and the fact that some of them were subjected to 8 g for .a relatively long period of time, would give ample opportunity for a vasovagal type of syncope to develop.
There would thus appear to be two types of unconsciousness occurring on the human centrifuge. The first results from an acute cerebral anoxia, caused by the failure of the blood pressure at brain level. It is similar in many respects to the unconsciousness produced by sudden bilateral occlusion of the carotid arteries, or to that resulting from the inhalation of an inert gas. The second form is strictly analogous to the well-known postural fainting, and it is a circulatory, rather than a purely cerebral, collapse. Which type will occur depends largely on the time-course of the centrifuge run. The sudden application of high accelerations will produce acute cerebral anoxia in a few seconds, while slower rates of application, or a long sojourn at a lower peak acceleration, will give rise to circulatory embarrassment and syncope. Individual susceptibility will also influence the outcome in marginal cases. It seems certain that in the experiments described both types of unconsciousness were seen.
